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equivalent for 5 rlt~gs aft,er t.otal disappe:tnl:ice frorii thc 
park, 0.0s inch was rebainecl for 9 days, wliile only 0.02 
inch was retained for 13 days. The conchsions concerning 
the relntirs e!ticicncg of forcsts of wcsdern ycllow pine are 
not sup ,orted by any conipnrisons w4t.h otlirr covers.-- 
[B. C. IC) 

ATJUOSPHERIC RINFLUENCE ON EVAPORATION AND 
ITS DIRECT MEASUREXENT. 

l<y PIVf. L ~ I R T O N  EDWARD I&’IXGSTnN. 

[Dated: Johns Hopkinn Ihl\-fr:ity, L:il-.or:itory @f Plant rhysiolcgy. Feh. S. 1!~1.5.] 

’ Alt,liough evspornt.ioii has long heen of int,erest, bo 
students of iiiet.eorologg a.nd cliina t,ology this subject, 
seems never to liave assumed prime import,anre in (tither 
of t.liese bra.nc,lies of science. The rarity of coniparntive 
evaporat~ioa records in t,he 1:nit.ecl St,n t,es repremits R 
conditioii of tiff a.irs closely paralleled in o t.lier c ~ I u i i  t.ries 
and indicnt.es thti t but. few workers hare been ~it.nl1-j- 
interested in the niciisurenienb of t.liis clirnnt,ic featmure. 
A glance through t,lie li t,era ture of a tmonie try (1 1 shows 
that eva. oration has frequaiit,ly attracted the a.tt,ention 
of indivic 7 uds :iiicl thnt, it,s lit,ertiture includes the names 
of irinny well-known st,udeiit,s of wen ther and climate. 
Very nmny niethods for the direct niensurenient of evap- 
oration have been described from t h e  to time cluring the 
last two centuries, but, iione of these has been generally 
adopt.ed b weather srrrices for any long period. This 

culties inherent, in at.niomrt.ry itself, and t~iese dificul- 

possible of oalculation from c1nt.n of other climnt.ic fac- 
tors. Such hopes h \ - e  led sonic of t.lw iuost, ;iblc st.uclcnts 
of at,niosplieric. physics t.0 nt,t.enipt. t.he esperimentnl der- 
ivat,ion of niathemnt~icnl espressions for intsiisi trj- of 
eva ,oratmion in terms of t P n i  >erat.ure, ti.tinospheric Iiu- 
nut 4 it,)-, and wind vc?loc.it,y. Tke problem tdlus suggested 
is fascinating to t,he ain.t~lieiiiii.t,icnl physicist, and the 
inade uacy of soiiie o11c t’va )oration formula hns fre- 

-enern] cCirection, w-!iile tlie clirect, Ineasuremeiit of tliis 
Factor has naturdly been discourngecl by t.he hope that 
reliable means for its cdcdat.ion niay soon be forthcoming. 

Within the lnst, decide, however, there has arisen a pro- 
nounced and ever increasing int,erest in direct ntmometric 
nieasurement,s, an interest prininrjly due to t.hc activit,ies of 
plant physiologist,s, plnnt, and aiiininl (?cnlogist.s, a.nd stu- 
dent8 of ngriculture and forestry. These workers have 
been led to st,udy evn.porc:t,ion bv tbe estreine iniport,:ince 
of evaporation into the surromichg air in clet.eriiiiiiing t.he 
activities of many or aiiisiiis, especia.lly plii.nt,s niid lower 
animals. Its Wits ear7-j- npprecinted t11nt- t ~ i e  wnt,er re~ri- 
tion seems to furnish n more sut,isfact:orp basis for niany 
ecological interpret,nt,ions (of t,he relat.ions holding be- 
tween organisin md environment) t h n  docs any o tlier 
single one of the various environiiientri.1 rela.t.ions. Plants 
show by their very structure and a. pmrnnce their rela- 
tions to the moisture condit,ions o P their surroundings, 
while t>li eir t,e~l~perii t,urc., ligli t, n.11 il 111 eclia.11 i d  r d n .  t,ions 
are not iniiiiediii.t,clp n m r l ~  so pti,t,ent, nnd must, be sub- 
jected to esperiiiien t.8 t,ion hefore even approsiiimte deter- 
niiiintioii niay bc. possible. This point, is well illustrat.ed 
by the fact that ecologicnl cl:issihcat,ions of plant foruia 
has generally been based upon the water relation. Sinipll- 
inspection suffices t.0 c!ist,mguisli! with coiisidernble pre- 
cision, between seroph yt.es, niesophyt,ew, and liyclrophj-tes 
(representing various degrees of rcrop7i.!ily 1 nnd t.Iiese 
categories form the basis most conimonly eiiiployed for the 
classfication of vegetation forms. It is apparently ob- 

may have i . een due in part bo nunierous a.pptircnt diffi- 

ties litire iiroused 1101)~ t,hnt. evii.pornt.ion 11iit.y bscoJiie 

quent, i! y -ken rise to st.ill furt h er att,eiiipt,s in the same 

vious t.o the eye of tlie plant anatomist that a broad- 
leaved, clociduous forest niust require niore moisture than 
does a forest of needle-leaved conifers, and lie s e ~ s  just as 
clelearly that prairie grasses, cliaparral, and such fornis 
as cacti and yuccas require less water t,lian do ordinary 
forests, their water reyuirenieiit decreasiii in the order 
nanied. Natural veaetation meas anb a-ricultural 

rovinces 11nre so ftir Tieen clinrt,ed inninly on tqiis sort of 
Ensis. On tho other hand, no very serious atteni t.s have 

to their temperature or light relations (their different de- 
rees of th.w/i to~.~h:i ty  and of photop?i,&y, if such terms niaiy 

\Then phiit, ecologj- begnn to einerge from i tu  first 
dowript,irt! and tnsonomio phase attention was soon 
&rwt c d  to  t.liP iiie:i~s~~rement of environmental condi- 
t,ions :is these a.re related to plant activit.ies. The most 
obvious, if not. tlie most iniportant, of these conditions, 
tis frir as the a.t,niospliere is c1irrctJ-y concerned, is the 
evnporu.tion, and the inst.rument,at.iou of plant habitats 
113s niaile greater progress with t,liis fnctor than with any 
ot,her. S1ic11 progress has been i i i ~ l e  possible through a 
new developnien b of nt.moniet,ry. 

Aside from t.liis biological interest,, it should here be 
not,ecl that, evapor:it.ioii has long a.tkrnctec1 the attention 
of irriga t,ion aiid hydraulic enpiiiwrs, from whose reser- 
voirs evnporat.ed watcr represcnts a considerable loss, 
even in liuinicl regions. Also t.lie direct loss of soil mois- 
ture by eraporat,ion is frequently of great iniportance in 
sgricult,uml oper:: t,ions, and this niatt.er has not been 
ne4xtecl by st.udrnts of this field. 

h a  direct. ~iie~i.stirf~iiie!it, of evaporation has recently 
ti thxc t.ed niore :Lt ten t,iou from students of meteorology 
mid cliiiiatcdogy, who are coming to realize the practical 
futi1it)p of attempts to calculate the intensity of this 
factor from nien.surenie.nts of other atmospheric con- 
di t,ions. 

The present cleds with some considerations 

ical relalions, but these considerations may not be witi; 
011 t iiitcrest. t.o climatolo&t.s, especially t.0 those dealing 
with agricultural c\imatJogy. 

Some general prhciples of atmo?n.etq. 
The evaporating power’ of the air here denotes its 

ower t,o remove (or to allow the removal ofj water vapor 
k)~rom any given esposed surface of liquid or solid water. 
This power is to be measured as the time rate of such 
removal (2). 

It should be eluphasized a t  once that the wat,er surface 
from which evaporation Irocceds often plays as great a 

dit.ions. If diffe.rent sizes, shapes, or kinds of evapora- 
tion pans, or pans containing different amounts of water, 
are esposed t.o t.he same complex of aerial conditions, it 
has been repeatedly shown t,liat the rate of water loss per 
uilit of surface differs for the different pans em loyed. 

of loss map appenr t.o be t,lie same for short-time periods, 
due bo lack of precision in the measurements, but with 
pronounced ilifiereiices 1)rtwee.n t,he pans there is no 
difficulty in establisliiiig t,iiis principle. 

The rate of loss in such cases is not! a t  all directsly pro- 
!)ort.ion:il t.o t.lie area of witer surface espoaed. The rate 

yet been made to classify regetation forms wit P i regard 

Ec nllowell). 

brought foiwnrd Per y the study of evaporation in its biolo 

rale in the rate of water I oss as do the atmospheric con- 

If there is hut, slight differenco hctweeii two pans, t P ie rates 

.. ~ 

I Prof. Llrinzston does a service in thus emphasizing the ne+ for intercom arable 
atinnmeters and unirorm expsiire3 so far as the latter are sttnmable. The $eater 
Bureau reels. howeror, that I t  must protest against the uw of the inaccurate and mu- 
:eadinp esprossion “evaporrrting power of the air.” A s  Prof. Livingston hlmsell here 
defines the term. the air has no power to evaporate a liquid, only to hinder that e v a p e  
tion in a greater or lesser degree-lZdtm. 



&J3CII, 1915. MONTHLY WEATHER REVIEW. 127 

of evaporat.ion per zmnit of exposed w&r .sur$ace, wii.clrr 
an.y coiistan.t complm of acrid cond.itiona, or v y i t l i .  this 
complex vmying in any speciied way, i s  a fu?act.ion. qf the  
.uia.tu.re qf the ahnonicter. By n.u.t~i.rc is here iueaiit the 
size, shape, mnterial, color, et.r.., of tlie pin 11s well as the 
height of tho projecting rim, the mtiss of water lyiiig be- 
hind tlie ernporthig surfa.ce, tlie tiniount. of suspeiidcd 
secliment~, et,c. 

Let two dissimilar pans be esposcd to tlic smie sur- 
rounding conditions! or to the sanie varint.ion uf wiiili- 
tions for a tinie period, mil let. their respectivr riLt,es of 
water loss be determined for t h t  period. We may 
suppose tlint, pnii A loses Q times as niuch as pan 13 : t.lius 
(I. is the coeffcient of correct.ioii hy which the r t d i n g  of 
B is to lie niu!tiplied in order to give the loss from A, for 
the given tirile period aiid for the give:i svt  of S;urrnti:id- 
ings. For the second period, let tlie est.er~ial ct>lllplCs of 
condit.ions be altered or let t,liese conilit,ions r:xy in soiiie 
other manner froni that of the first eriod, niitl t!ic new 

he a :is before, but the coeficieut of B t,o t h o  hasis of A 
will iissiiiiie some new value. This is ftj~illil t.o liold 
generally in esperiiiiental tests. TIi:us, the ratio of the 

wmtioii.-froirc one kind qt ~t.t)iotii.i$.cr p i i .  to t7rcrt 
jkoiii. mtot + i t r  Eind rtiiia.iii.s coti.stccii,t OI>& -for S ~ J I I I ~ .  .Gigl i .  .wt 
of surrou.nditi.g cod i t ions .  

rinciples abom stated niny hr comlh id  ns 
follows: e"yaporutio1i. rrrtc -fi'orrr c l ) i ! /  t i f t t i w t t t > t i , r  w i t ' i i s  
.with tltr rt>i!rril'on. tct.irzrli. thc ,i/rtcrii(il cotirphz ?f' co!itliticitis 
(th.e ii.ii.tu.rr! of thr. itistru.tiici2.t) nmi slit? tztc.tvicd c0i)iple.z 
(the eun.ou.ii.cliiig coritbitions qf t7i.t titnio.s ~ 7 i r - 1 ~ ) .  Iihpliii- 
s k  is here t o  be placed iipoii t,lic! wor d w7nt;io!i. It. is 
thus possible t.o cuiiiprc tht! c.\~:q>iw:iting ~IJWC"'  cif t.lw 
air a t  diff erent st,at:ioiis or frir clift'erent tiine ieriods 
only by employing instrumrnt,s of lilie internid calli \ it.ious. 
If the iiiteriinl coniIitioiis of two iii.;tr1i1iitl1it,s : i . r i h  dike, 
then their rat,es of water loss iiiaj- lit? ct~iiipareil as pru- 
portiond to t,he two ernporat.iiig pow\'c"s of t,he air t.o 
which they have been respec t.ivt+ty cxlxwr I .  FIWH this 
it follows that evaporation ciiii nut 1 1 ~  iii~5asfired in t,eri:is 
of units of depth escept,iiig fu r  11. single specified kiiid, 
size, etc., of pan. The coiiinicsii practice, by wliicli differ- 
ent observers of evaporation employ di$erent sizes of 
pans or tanks, should, of coursc,, be clisc.ont.inueil, if the 
records arc to be geneTdly coniparnlh 

These general principles npplv as well to otlier fiwiiis 
of ntmoiiiet,ers as they do t,o the form employing n free 
water surface. It, is lo&dly quite iiiipossible t.o "re- 
duce" readings obtainecrfroiii a Piclie or from a porous- 
cup instrument!, for esniiiple, t.0 teriiis of loss from any 
type of pun. A coef?icient for such :L reduction cnn, of 
course, be obtained esperinitwt~dy -for tiii:y gi,iit>ii. silt qf 
? x t l > t ' d  rollditions, b t1.t . i d ~  E 11. t Ir t ,  m t d ; t i t m  i1.1 t,c.r w 
niust. espect. the coefficient t,o dtcr  nlsn. Likcwiw! 
evuporat.ioii rates froni different fornis or sizes id' pc)rOlis 
c.lay c.ups are. diffcrently sflectccl lq-  t.lie s:uiie dtwti.tioiis 
in the surromidings, and it. is quite iin~)t~saiblr t.o ohtnin 
B coefficient, by means of which t.he rcdin-  of o m  f.oriii 
may he reduced to t,ernis of rentlings h i i i  :mother, 
escept.ing wit,li a specific set of surroundings. Nor cciii 
porous-cup losses he reduced t.o t,eriiis of losses from piins 

ratio of the loss of A to  t,lillat, of B w ?i) 1 probdily not, JIOW 

(f 

The t.wo 

The ezpostcrr. of seuzrcii! riya >ortii,iti.g sti.t:fi&g niiist: be 

ratingsurfaces possess what I ~ v o u ~ c ~  t,crni :ill internal or 
instrumental osposure cliaracteristic of tlie nature of the 
instrument ; only when different instrunients have the 

al%ko if the+ ~rtu~dings a,rc to / I C  coni.parc(.7)2.r. The cvapo- 

measures of the esternnl conditions, always with reference 
to t>he )articular set of internal conditions resented 
hy tdic fiincl of instrument emplo ed. Natura lY p, if it is 
conditions in contxolling evaporation from two dissimilar 
atmometers, then it is necessary to give the two instru- 
iiieiits esactly the same esternal exposures. In  such a 
case t.lie results reflect the influe1ic.e of the internal con- 
ditions, always with reference to the particular set of 
estenial ones that obtained during the period of com- 
prison. 

Smiiiiarizing tlie princ:iples nbovc set forth r i  the 
i~ iporu t ing  power of t.lie nir!'-thut is, its ower to 
rcniovc wa.tcr rapor, or to ti.llow it.s remod' froni a 
surfwx of liqititl or solid wat,c.r--can not he directly 
IIIP~SIIIW.~ escept. with reference to some stmdurtl ntmom- 
etmer having specified internal conditions or character- 
ist.ics. If evaporation into thc air is to be measured at  
dift'erent plttct.s, or for different time periods at  the same 
pl:i.ce, it  is quite essential that  the several atmometers 
eniploj-ecl shall be as nearly alike in all particulars as is 
possible. 

n#ieWlid typtS e$ tlili2vI)~Pt@r8. 

C'7ioic.r 0.f , imtrii.w-c ii.fa.--If the readings of one forni of 
cit.iaometer czni not be reduccd by rnnthematicd treat- 
ment to tcrnis of readings thttt niight hrtve been had 
i'roiii some 0 t h  form of instrument (.tis t,hough the latter 
1 i : d  cipemtecl at tlie s;~iiit) t.iiiie c ~ c l  in the same place). 
1 lie11 by wliiit criteritt is the investigator to decide what 
stirt of instrument8 t,o mi ;lay iu :I series of coiiiparative 
~iieasurc:!iiient~ '6 Obvious ll- y, fruni the nature of evapora- 
tioii m t l  froiii the iiiec-lley of conilitions by which it is 
influeii~~eil, t.he h i t 1  of e~npor~f io i i  t.o be studied must 
forin tlie h i s  for this drcisioii. 

Whew i t  is desired to upprosiiiiiitc t.he rat,(? of vistcr 
lws i'roni reservoirs n111.l other large hoilies of mater, the 
lloiitiiig piin is perhiips the most. suital>le instrument; it 
t.~poses 11 Dee w:tt.er surfwe ill niuch tlie saiiie inanne!, 
I,otIi iiit.enidlj ant1 e~ten~ailyv, ti:: tli~rs t,he riservou 
itself. Of course it is to be remtmbered that, different 
parts of such n reservoir nre not, u s u d g  subjected to the 
smie rate of e\:aporat.ion-t~lie wiiid\.ynrd portion of the 
surfwo, for esaniple, is sul)jcct.crl to n,.liidier rate than 
is tlie leewiiril portion: This mikes it !frequeiit.ly cle- 
siriihle to urraiige flotrtiiig patis iit :L nuniher of sdected 
~)lii.ces o\-er the surface of the reservoir! just HS mi syri- 
trult.urist tiilxs iiuiiierous soil s i ~ ~ i i ~ > ~ t ~ s  from the same fiad, 
i\ .ild tLw~ not rely upmi N single saniple taken a t  sm\e 
particiilar )!:it.#?. 

evtiporst,ioii as it tiffects plant transpircition, some form 
of wnt,er-iiiipregnated p:iper or porous c.1a-y surface is to 
h cl~~.)seii; such siirfiwt?s iiitiy be given t in  internal and 
e:< t.cwinl esposure fairly compiiriibla to t,li;it of transpiring 
fltint. parts. If l q e  plmts are. involved (tis trees in a 
orest.), it is clear tli:it d l  p1irt.s of the plnnt, nre iiot sub- 

ject,ocl to t.he saiiie cvnporlition cundit~ions, i i d  a number 
of inst,ruments niust be employed, properly placed to give 
t,he required iiiforniittion(3). To st,udy e.vnporat6on from 
soils, a bos or pan of moist soil seeins more logical as an 

desired to measure nnd compa,re t. 7 ie effects of the interrial 

Where t, 1 le study in liitncl involves the nieasurement of 

here einpl JJ'WI. 
I :bill insisting on the retention of fhe more prwise word and Brn accept- 

ing t.lie word "ChsrwteristiP as an qipositive thereto. 
Phenomena oi-xrrinq at any surfwe am aonditionorl or rontrolled in their rate by 

wndi'i.inn. stme 01 whirh me edective on ouc side end soine on the other side of the same characteristic may their readings be t,xken siirface.-..~ul/ror. 
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instrument, than does a pa.n of wa.ter, though water- 
inipregnated paper and porous clay surfaces ms.p also bfi 
dap ted  to this need. 

In. s71.ort, the wgace by .nzea:n-q of .zohi.ch izvzporut,ion. is to 
be mea.wred shoidd pos.wss a.s neady the smnw jorm as pos- 
s.iblp aid should be given the smnw k,ind ?f extcrml cxpos.icrcl 
a.s 1ia.w the fvnporrrting s.u;t$aces w4ose action. is to be studied. 

Aside from this generd principle, howeyer, there are 
various special considerat,ions connected with the use of 
eech forni of atniometer so far devised. A few of these 
considerations may find plme here. 

Th.c fi’ee ,water surfacr.-Free surfaces of liquid water 
can be readily esposed oidy in a horizontal plane. They 
are t,herefore not suited to studies dealing with the trans- 
piration of ordinnrv plants or wit.11 evaporation from other 
nonhorizontnl surfaces. Even if this is tlie kind of es- 
posure desired, it niust be borne in niiiicl that such a 
water surface alt,ers from tinie to time, which amounts t.0 
stating t.hxt, an open )an of water is not an inst,rument 
with constant iut,ern$ conclitions or clinracteristics. 111 
the first place, wind nlters the form of the surface itnd its 
rdntion t,o tlie water mass behind it. Also wind fre- 
quently causes spray and splashing. In most Ian 
atinonietei? the amount of water present varies consiher- 
ably, addition of wnt,er, bo replace that lost by evaporlt- 
tion, occurring only. spiiFmodically. Water is ndcled to 
such an at.ni0mete.r in t.l?iies of rain, ttnd raindro s fre- 

splashing n,nd t hc! foiiiiiLt,ion of spray. Aninitds, such as 
birds nncl insects, interfere with t,he pro 3er operation of 

caught on t.he surfnce or within the t,nnlr. All of these 
features clearly result in in te r id  nlterat.ions in the instru- 
ment and t,hus make i t  inndequat.e for serious studies. 
Finally, even fair accuracy of rending for short periods has 
never been possible with free ynfaces; only small pans 
can be carefully weighed; t,hc iiistninicnt~s niust be pro- 
t.ect,ed from wind &iring weighing operat.ion, and the 
vitrithons in rctte of wnber loss clue to unl- r i i ~ ~ - n  causes 
become very large when periods of nimut.cs or hours are 
employed. 

T71.c Pic7~e atniometcr.-The Piche instrument (4) eni- 
ploys a horizontally plncecl disk of water-imbibed pa.- 
per, su plied with wat.er t i t  its center, from above. Waves 
and sp B ashing, considerable removal of water by aninials, 
and serious obst,ruction of the surface by the bodies of 
the latter, are here not encount.erecl. The entire instru- 
ment may be readily weighed, or it nirty he rend in vol- 
ume units. Sniall readings are, however, difficult and not 
ver accurate. Strong wind is apt to deform the paper 
disc  This instrument niust always operate a9 a unit; 
it is pract,icnUy impossible to place the evaporating niem- 
ber at  a distance from the griiduated reservoir, an tw- 
ran enient frequently rec uisite in bota1iico-physiologicnl 
an I f  ecolooicnl studies. $inre all the wat.er evaporated 
must pass?laterallv through the paper disk, from the cen- 
bral point of supply to the place of find vaporization, the 
size of the disk must be suited t,o the rate of evaporation 
to be dealt with. I n  B region of low evaporaOioii inten- 
sity the disk may be large, but must, be snider in an 
arid region (to prevent the edges becoming dry at, times). 

quent1.y cause undetermined reiiiouid of wnt.er t f irough 

open tnnks; they may remove ywber, or t t iey may become 

8 Dictlonnrirs say “imbibed” is obsoletc in the sense of n water-imbibed solid. 
Xewton w d  it so. It is perrectlr dear >!e= ns “drunk” in the expressions: The 
wine Is drunk 1iv the man and the 11mu is wuc-drunk: the two words ‘idrunl;“ and 
“imbibed” are ‘ardbll, cui learl to no ambi-uitg, and it can not stay obsolele If we 
kee using It ~mpregnntctl is !ict as goo<!. Ibrcnuse “imbibed” suggests imbibition 
an%the attictire force of imblhitlon, wh!le “impregnnted” suggests pressure from 
without the solld as the cause of the llquid eutcrmg. There are no other words in 
Hoent that come as near to what we want. 

“Bsturated” meam an entlrelg dltlerent thing; the paper of a Piche atmometer m x ~  
be saturated as the instrument opm~trs: but I doubt if thls is the case. It .is ilpblbed 
with water whether It is 1 or 3 or n hundred per cent sat.Uratcd. Sat.uration imphs 
the compleie disappearance of the solid’s.attractiou for pnter (imbibing force) at the 
limit when all the water that can be imbibed has been imbibed.-Arflor. 

The Piche-Cantoni atmom.eter.-The Cantoni (5) modi- 
ficat.ion of the Piche instrument has the reservoir below 
the paper disk. Practicdly all the essential details of 
operation and interpretation of readings are the same as 
in the Piche instrument. Esc.ept,ions s.re that the more 
or less spasmodic. water niovenient consequent upon hav- 
ing the reservoir above is here avoided; dso, that  the 
evaporating surface inay be located at some distance 
froni the reservoir and a t  any angle permitting a niore 
satisfactor relation to lant foliaoe, etc. Strong wind 

somewhat the snme manner as it deforms a ree water 
surface. 

that tlie Cnntoni modifi- 
the fact that the losition of the 

that the difference in 

a gas pressure by the wet pa er. If the joint between 

pressure from without, then air enters, tlie water column 
drops in the supply tube, the water connection to the 
disk is broken, and the disk soon beconies air-dry. This 
smie principle is employed with the Bellani porous plate 
and with the Babiiiet porous cup. 

(6) instru- 
ment is >racticdly c.ompirable to n free water surface 

never to have attracted serious attention during t le 95 
years that have passed since it was described. A hori- 
zontal porous clay disk closes the top of a vessel com- 
pletely filled with water, so that. tho lower surface of the 

is ex osed to the air. 

cidjoins the plate, by nieniis of n tube, t,o a lower reser- 
voir-which may ha a buretke, fo? e smi  le. This is the 

ing surface and wit,h tlic mater restx-voir at n lower l e d  
than the evaporating surface. The arrangement8 involves 
t.lie sruiie principle tis thrit employed in the Piche-Cantoni 
inst,rumcnt, but here the siipply buhe is enlarged to form 
t.lw vessel tibove nicntioned aiih tho porous disk does not 
project beyond the miirgiii of this vessel. It slioulcl be 
rinphnsized that, whereas tlie Chntoni instrunient (and 
the Piclie as well) depend upon lateral movement of 
water through t,he absorbent material, the Bellani platme 
transmits water perpendicularly to its surfaces from the 
lower to tlie upper! and evaporation here occum from 
the upper surface alone. 

Thc Bellmi surface niay be esposecl lika free water, 
liorizontdy, or it inay have any other position. It re- 
quires no projecting rim and, of coiirae, \v;;ves, spray, !nd 
splashing cmi not occur. At the same time, the relation 
of the espoied surfaco to the water inass below is not 
iiinrkedly cliff went (especially as rcgnrds heat conditions) 
from t,he siiiiilar relat-ion for an open pan. The evapo- 
rating surface niay bo laced nt some distance from the 

!e made in volume units. It may be rendered nonab- 
sorbing, ant1 thus freed froni rain-absor t.ion by the u3e 

atmonutar.-The use of porous 

first suggested by Babinet, (7), whose short account was 8 

emplinsized 20 years after, in mi approciativc discussion 
by Marib-Davy (8). 

9 is apt to c r eforni it, as a I? so in the Piclie arran ement, in 

covers t I ie upper end of 

paper and tube is not air-tig P it against this amount of 

reservoir below, does not per- 

Tlic Bdrrri i. porous &iy phfe.-Bellani?s 

P and iavoic \ s all the difficulties of such surfaces, but np ears 

clisl; is in contact with the liquid, while the up 
l3ellani’s arrmgemeiit 

shou f d be replaced by joining the vessel of watcr whic 

earliest form of ntinometer wit:li imhihec P solid evaporat- 

raduat,ed reservoir an B very sinid1 readings may readily 

of the nicrcury valve to bo described be Y ow. 

c1;i.v cups or bougies P or atniometric nieasursments was 
Tlie p0roii.s clay cu 
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Forty-six yews after Babinet's publictttion hlitschrr- 
lich (9) independently devised this instrunient, for ngri- 
cnltuird espcrimentntion. The present writor (10) agiiiii 
devised it, also independently, in the suninier of 1904, for 
use in trttnspiration studies. During the liist, decade the 
suh'ect of atniometry has developed very rapidly, espe- 
cial 3 y in ?)iologic:il coniiections, nnd niost of this develop- 
nient has been based upon the use of tlie i)orous'clay cup. 

The essential part of this atmometer is n liollow cup of 
un lazed orcelnin, closed by a st.opper a t  its lower end 
ani joinel, by a tube throu h the stopper, to a reservoir 

w d s  of the cup become imbibed with wntcr and the latter 
ernpora.tes from the esterior and is supplied from tlie 
witer-mass wibliin, the wtiter moving outwnrd through 
t.he orous wulls in ti manner quite andogous to that 
rxhi i t d  by the Bellani ate nbore clescriberl. Atnios-. 
plierie pressure, acts direct y upon the water surf are iii i,he 
reservoir bclow, which may be n bi1rett.e or bottlc8, or any 
suituble contrtiner, and the water mass withiii tho c.up is 
shirldcd €rom this pressure by the inibibcil porcelain, 
which cloea not allow gas to enter, escept in solut.ioii. 
Thus the porous cup remains full of mater, no nintker :it 
what rtite evapor:ition proceeds, so long as tlie water level 
in tlie reservoir is above the lower opening of the supply 
tube, and so long as the porous inaterid nllowa wnter 
movcrnient to the surface as fast as evnporation proceeds. 
The ainount of evaporation occurring during any time 
periotl is the amount of wiiter renioveil from tho entire 
appiiratus. It is usually taken ns the, amount rcnioved 
from the reservoir, but this, of course, ncglccts any con- 
sideration of alterations in tho specific volumo of the 
liquicl due to temperature change. Rcitdiiigs are niost 
precisely mutle by m-eigliing tlie instrunicnt, but! such 
refineniciit is not usually requisite. 

T o  prerent the nbsorp t,ion of rniii water through tlir 
walls of the cup, i t  is only iieccssiiry t,o instmall iii the supply 

direction but! prevents its con tmued movenieiit in  the 
other. Figure 1 shows Livingsboii's :it.niiiinrt.er 3s rc- 

below. Cup and tube are fi K led with water. The porous 

7' K 

tube n mercury valve, which nllows water bo p i - -  L bb 111 . 0110 

to terminate hrlow tho first, bend. Mcr- 
cury is placed in the U thus foimiid. A s  evaporation 
proceeds the mercury drops in t,he :wni 23' of the U and 
rises in the other, but inimt~tliat,c4y spreads out laternlly 
in the bulb, thus procluciiig only ii. vcry short, column. 
Around this inerc.ury in the bulb the water p s ses  from 
reswvoir to cup. When rain falls evaporation is so far 
decrensed that the o u h r  surfncc of the rup twcomes COT- 
erecl mit.li t i n  est.erii:d water film, aiid atmuiosplieric pres- 
S U ~ C  forcba this water int,n the cup with n 1:ressure eclunl 
to that, esertetl IJY a wtiter column rea.ching from the water 
level in the reservoir to the levcl of the point in the cup 
where entrnnco is in progress. Then niercury is forced 
down froni tJie bulb nnd up in the ot,her nrni of the U 
until a sufficient mercury column is bliere preseii t to bn.1- 
a.iic't\. the water c,olunin just iiwiitjioned. After this no 
inore wittcr can enter the c.u : that  falling upon it, flows 

the rain ce:iscs nnd evaporntion increases the valve re- 
TWWS. It is ohvious that a sniall amount of water does 
eiite,r the reservoir with each change from coiiditions of 
evaporation to those of absorption, hut, this n~nount is 
very slight. Harvey (12) found the error in rending thus 
introduced by each reversal of the valve to amount t o  only 

from the surface as though t f* lis were impervious. When 

about 0.01 CC., this mti.gnitude clepending upon t.licr bore 
of tslie U-tube and the height of the cup above the wa.t.er 
level in the reservoir. 

The form of porous clay cup now geiierally em loyed by 
workers .in ph.ysiology, ecology, awnculture, :in c r  forestry, 
is practically the snnie as the m e  (&scribed by t,he present 
writer in 19013 (fig. 1.) These cups are cylhiclricnl, about 
13 cni. long and 3.5 cm. in dittmeter, dosed a t  the upper 
end to produce a hemisphere and strengthened at the 

Fm. 1.-Shive's non-absorbing mouuting. with @ndric:il porousalp nlniwi:etc.r. 
Abow is a cylindrical orousciip with twoglass tubes A and B entering tbecup through 
a ruhhr stopper. BPEW is the rewroir bottle who& mouth 'is clased bv 3 4- 'rforatp 
stnnner. The short. erarlimted filling t u h .  E. is covercd hv a ran. The tug .4nA'  
wri& to fill thi porous cup when sut.?'iion ishpplird at A ' atid the mercury v&<e-fi&&- 
the huh D prevents zntrniw of air. The vrcond niwur; Vdvz, at CB', allows water 
toentcr the porous cup but prnrtirally prevents movement in the opposite direction. 

other bv n tsliic,kenecl rim. The wall is froni 3 to 4 nim. 
thick, the rim having ahout double this thickness. They 
are white, with snioo th, )orous and absorbent esterior 

bearing the tubing connectmion t.o the reservoir. #he 
lower portion, at. the opeu end is glazed or otherwise 
rendered impervious to mnt,er, leavuig the u per part, 

the last few years, about a thousand oE these cups have 
gone into use each year. 

surface. They are closec 1 in use by a rubher stop er 

8 cm. in length, ns the nctud evaporating sui P me. For 
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Recently a marked improvement in the form of the 
cup has been achieved, fmt by Prof. W. L. Tower (13) 
and later by the present writer. This improvement con- 
sists in substitutlng a spherical surface for the cylindrical 
and hemispherical one of the ordinary cu . The s herical 

neck below, the latter 1.5 cm. in diameter and 3 cni. long. 
The neck of the Tower spheres is somewhat larger and 
reenforced by a thickened rim. The Livingston spher- 
ical cup atmometer is shown in figure 3. 

for 
atmoinetric studies, at least in biological connections. 
In this re arc1 it is to be borne in mind, however, that 
readings !ram cylimclers and from spheres can not be 
homologized escept spprosimatel-y, for they expose differ- 
ent forms of surface and are dissimilar in other respects. 
The chief practical advantage of the spherical surface 
lies in it,s greater fitness for use in h e  measurement of 
sunshine int.ensitr, with Livingston’s radio-atmometer (14) 
into a consideration of which we need not here enter. 

The iorous-cup atmometer possesses Ru tlie aclvanta e6 

Piche, Piche-Cantoiii, and Bellani instruments. Its 
main advautage over these instrument,s lies in this, that 
its surface projectv up into the air and is esposed equnlly 
to wind action in all directions. Its surface is somewhat 
siniilar to that of lants, which is also the surface of a 

aerial conditions is similar to the mean esposure of the 
surfaces of the foliage of an entire plant. For thk 
reuson it has proved specially valuable in studies 
bearing upon water loss from plants. The rigidity of 
the cups t h o  innkes them more satisfactory than the 
somewlia t flexible paper disks. 

As with the other atniometers employing a water- 
imbibed, porous, solid, only distilled water should be em- 
ployed in tlie porous cup. If impure water is used, the 
lnibibed walls become less porous and soon become unable 
to transmit water to the surface a.s rapidly ~9 it  inay be 
loot by evaporation. Thus tlie inst.rument itself is altered 
by the use of impure water. The same effect of clogging 
the pores may be produced by soluble salts falling on the 
surface in the forni of dust. This dificult can be avoided 

thorouali washing, with distilled water and a brush. 
With tRe nper clisks such washing is of course iinpossible 

The porous cu , the Bellani plate, and the Piche- 
Cantoni paper disE may all be mounted so as to peimit 
esceedin ly sniall readings to be made, in units of vol- 
ume. l f i th  a suitable pipebte as reservoir, it is easily 
possible to read hundredths of a cubic centimeter of loss, 
and this features recommends these instrunients wherever 
low rates or short time intervals are involved. 

S fa .n~ur~ ,~ .~n~~on . -~ . t  is impossible t.0 obtain large nuni- 
bers of Livingston’s porous atmometer cups that are es- 
actly dike, and the small differences met with are cor- 
rected for by the use of a coefficient of correction, ob- 
tained by standardization. A number of selected cups 
axe preserved as standards, washed after each day’s use 
to prevent any alteration in their porosity, etc., and one 
or more of these is operated 11 on a rotating table (15) 

nal differences of the cups are measured in terms of differ- 
ences in their rates of water loss under the same esternal 
conditions, and a coefficient of correction is obbainecl by 

cups are 5 cm. in diameter, with a g P azecl, cy P mdrical 

These spherical cups may become the standard 

over t i e  t free water surface that are possessed by 5 t e 

wat,er-imbibed soli( P , and its exposure to the surrounding 

with the porous cup, and Bellani plate, b y frequent and 

and the cl! isks must be renewed at  frequent intervals. 

along with the cups to be a t m  cp ardixed. Thus the inter- 

4‘’  The Plant World,)’ Tucson, A r k .  announces that !ts offlce handles both the 
Livingston standard porous cup atmometer and the Livmgston rad~o-atmometer.- 
C. A., Jr. 

which to multiply the readin of any cup in order to  ob- 

place of the cu in queetion been occupied by a standard 
. It is we 8 to re-standardize from time to time in 

practically removes the necessit of this if the les t  quaf 
ity of cup (known as “insolub T e”) is used. Neverthe- 
less, the only way to be sure that an instrunlent has not 
altered in operation is to re-standardize it. 

tuin the reading that would % ave been obtained had the 

or cui er to detect any changes in the cups, but dail washin 

Fro. 2.-Livlugston’s orgioal nowahsorbing mounting 4 t h  a spherical porous cup 
elemcnt. The sphericd element mounted in Shive’s m m r  b proposed 85 a l u t w  
standard for thls type of instrunlent. 

This wliolo matter of standardization is obviously a 
drawback to the development of rational atmometry; if 
cups are truly different in their powers to su ply water 
for evaporation, then-as has been emphasize B --it is im- 
possible to einploy them for the comparison of different 
conipleses of atmospheric conditions, for an alteration in 
these conditions can not be expected to affect the rate of 
loss from dissimilar cu s in just the same manner. With 

tween them have been greatly decreased, so that it is now 
possible to procure a lrtr e number of cups all having the 

a very marked difference in the cups to render the coeffi- 

the development of tm Fl e porous cup the differences be- 

same coefficient. It is B ouiid in practice that it requires 
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cients inapplicable oyer the range of a.tniosp1ieric c,ondi- 
tions met with during the summer throughout the United 
States. Still further refinement! will no doubt he at- 
tained in the future, but the inst.rument. appeals dready 
to be amply precise for dl the studies in which i t  has thus 
far been employed. 

It should be renienibered here that none of the atnioni- 
eters eniploving. imbibed solids are available for the st,udy 
of eraporittion i n  freezing weat,her. Pans of ice or of 81 
nonfreezing solution are the only instrun1ent.s thus far 
available for this important. case of tlirec.t.-nieasi.irenieii t 
ntmonietry. 
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Tm INTRODUCTION O F  METEOROLOGY INTO THE 
COURSES O F  INSTRUCTION IN MATID3MATICS AND 
PWSICS.  

BY CLEVELAND ABBE. Professor of hleteorology . 
p n  address delivered tiefore Phvsics and Mathematics Brctious of Central Assori:rlion 

of Science and Mnt6e11istics Teschers. Chicago, Nor. 3, l!tu4.] 

The study of nieteoroloo has acquired a new and 
vivid int.erest since the esta?&sliineiit of fairly successful 
official weather forecast,s in this country ant1 Europe. 

9 3 2 1 5 - l U J  

The civilized world now knows that the weather and the 
climate, the winds and storms are controlled by rigorous 
laws of nature; we may not understand these laws as yet, 
but they are in control of the universe and we Itre to dis- 
cover them and utilize them for the benefit of mankind. 
We have not yet found any limit to the attainriients of 
the human intellect, aiid what the mind can do in the 
way of thinkin the hand will k i d  some means t.0 attain 
in the way o f  doing. We must think out our work 
before we can do it. 

The ultimate object of rill our systems of education, 
elenientar collegiate, and post- raduate is to train the 
mind to &ink and then tra.in t f ie hand to do. In old 
times the schools crammed the brain with the results of 
work already done, niemorizin a multitude of fa.&; 

develop the reasoning faculties, or the reasoning habit of 
thought., and then to perfect our methods of doing. 
Our schools pa.y niucli attention to inat,hematics, mechan- 
ics, chemistry, and science in general, because t,hese have 
an important practicnl hewing on our lives. In this 
movement t,oward the professional side of education 
meteorolomy has not been neglec teed dtoget.lier. I have 
been reaay plensed t.o see the enthusiastic reception ac- 
corde 5 it in every part of the Union and its 
larity in both graded mid high schools. suppose t. a t  
we owe this specifically to the general success of the 
Weather Bureau, but niore particularly to Prof. Wni. M. 
Davis, who established a school of meteordog); about 
l S T Y  as a, division of the school of eology a t  harvard 
University. His students and t.ext 5 ooks, his Elemen- 
tar37 ?vlet.ec-)rolo- and the Clinia.tolog of his successor, 
Prof. R. DeC. d r d ,  a.nd their met,ho B s of teaching linve 
awakened t,eachers and professors alike to new possibili- 
ties. Ot,her schools and othor testbooks have come into 
esistence. The elements of the subject a.re now so well 

rovidecl for that I do not need to say more about this; 
Rut I do feel the neec1 of further aclvances. 

1 re,o.ard nieteorologv not so much as a matter of ob- 
servat.ioii nnd generalization as matter of detIuct.ive 
reasoning. Our studies have ajproached the liniit of 
what we are likely to discover i ,y inductive rocesses. 
We st.nnd where nstrononiy st.oocl in t,he clays o Laplace. 
We have l i d  our Galilee and Newton, but we still need 
ot,lier leaders, and you will all agree with me that these 
must. he t,rain’ed in the schools. They niust et. t.heir first 
lessons from you. Twent,y or thirty ears f ience our fu- 
ture mast,ers in nieteorology will tell r iow t.heir feet were 
t,urne<l in t,he right direction by the teachem of to-day. 

In every sc,liool I find several boys or girls t.lint have 
taken :i. Jee int,crest in the wed ie r  and its relhoiis t.0 
our  lives. h e y  are oft,en askiiig uestions t,liat }>ear 
upon it. They ap ear to observe nn 8 understand it bet- 
ter than others. Ghese are they whoni I would have 
VOU secure for the possible service of the Wentlier Bureau. 
There are others t,lia.t often appear dull, but a.rt? not recalls 
so; their previous education has perhttps been imperfect, 
some one has confused their minds with erroneous ideas 
from which the can not easily rid tliemselves. There 

in intellectual work. In general, t.he school will be bene- 
fited by taking up exact and esperiniental work as CON- 

We 
genefit a child more than we realize when we give him 
esercises in esnctness. Why do we make him calculate 
interest to the last cent2 Why ractice the piano or 
singing until lie can do it properly$ Why draw or paint 
correct.ly P Is it not our 
conviction t-hat what is w0rt.h doing at. all is worth doing 

but now, while not neglecting t 7 le memory, we seek to 

F O w i n g  

r 

are others who r lave not yet awakened to a full interest 

ared with inexact, indefinite, t.ext.s or phrases. 

Why speak English precisely ‘6 


